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(57) ABSTRACT

A tube port includes a tubular first stem having an interior
surface and an exterior surface extending between a first end
and a longitudinally spaced apart second end. The interior
surface bounds a passage that longitudinally extends through
the first stem. The tube port also includes a flange encircling
and radially outwardly projecting from the first end of the
first stem. The flange and the first stem are integrally formed
as a unitary member comprised of a flexible elastomeric
material having a durometer on a Shore A scale with a value
of less than 90.
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TUBE PORTS AND RELATED CONTAINER
SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part of
U.S. patent application Ser. No. 11/112,834, filed Apr. 22,
2005 which is incorporated herein by specific reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to tube ports and
sampling ports, and container systems that incorporate such
ports.

[0004] 2. The Relevant Technology

1. The Field of the Invention

[0005] Ports are a necessary feature of bioreactors for
delivering controlled volumes of gas, liquid, or other mate-
rial to growth media containing cells; for extracting matter
out of the bioreactor; and for inserting probes, such as a
temperature probe, to monitor conditions within the biore-
actor. Conventional ports comprise tubular metal or hard
plastic stems that are permanently attachable to the biore-
actor container. Various tubes or probes are then attached to
the ports or are passed through the ports. In all embodiments,
great care is taken so that no leaking or contamination occurs
at the ports.

[0006] Although conventional ports are useful for their
intended purpose as detailed above, they have a number of
shortcomings. For example, because conventional ports
typically are made of metal or hard plastic, the ports are
typically rigid and inflexible. Because of this inflexibility, it
can be difficult to establish a seal around tubes or other
structures that are passed through the ports. As a result, a
unwanted dead space can be formed between the ports and
the structures passing therethrough.

[0007] Furthermore, the inflexibility of conventional ports
can cause problems when used with flexible containers. An
advantage of using flexible containers is that the containers
can be folded up for transport or storage when not in use,
making the stored containers more compact, easier to
handle, and requiring less room to store. Rigid ports
decrease the flexibility of the containers and increase the risk
that the ports could damage the containers when the con-
tainers are folded around the ports.

[0008] Sampling from bioreactors typically occurs by sim-
ply connecting a sampling tube to a corresponding port and
withdrawing the sample therefrom. This sampling technique
typically withdraws the sample fluid from the perimeter of
the container. Such a sample, however, may be misrepre-
sentative of the typically more homogeneous fluid that is
contained closer to the center of the container.

[0009] Accordingly, what is needed are improved ports
that overcome one or more of the above problems or other
shortcomings known in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Various embodiments of the present invention will
now be discussed with reference to the appended drawings.
It is appreciated that these drawings depict only typical
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embodiments of the invention and are therefore not to be
considered limiting of its scope.

[0011] FIG. 1 is a cross sectional side view of a contain-
ment system having multiple tube ports and a sampling port;

[0012] FIG. 2 is a perspective view of one of the tube
ports of the containment system depicted in FIG. 1;

[0013] FIG. 3 is a cross sectional side view of a portion of
the tube port shown in FIG. 2, showing an annular lip seal;

[0014] FIG. 4 is a cross sectional side view of the tube
port shown in FIG. 2 with a temperature probe inserted
therein;

[0015] FIG. 5 is a cross sectional side view of the tube
port shown in FIG. 2 connected to a fluid line via a
connector;

[0016] FIG. 6 is a perspective view of an alternative
embodiment of a tube port having a plurality of tubular
stems;

[0017] FIG. 7 is a perspective view of the sampling port
of the containment system depicted in FIG. 1;

[0018] FIG. 8 is a cross sectional side view of the sam-
pling port shown in FIG. 7, with a temperature probe
partially inserted therein;

[0019] FIG. 9 is a side view of the sampling port shown
in FIG. 7, connected to a plurality of collection containers
via a collection tube and a manifold;

[0020] FIG. 10 is a cross sectional side view of a portion
of an alternative embodiment of a sampling port;

[0021] FIG. 11 is an exploded perspective view of the
sampling port shown in FIG. 10;

[0022] FIG. 12 is a cross sectional side view of another
alternative embodiment of a sampling port;

[0023] FIG. 13A is a cross sectional side view of yet
another alternative embodiment of a sampling port;

[0024] FIG. 13B is a cross sectional end view of the
sampling port shown in FIG. 13a taking along a line defined
by 13B-13B;

[0025] FIG. 14A is a cross sectional side view of yet
another alternative embodiment of a sampling port;

[0026] FIG. 14B is a cross sectional end view of the
sampling port shown in FIG. 14A taking along a line
defined by 14B-14B; and

[0027] FIG. 15 is a cross sectional side view of yet
another alternative embodiment of a sampling port contain-
ing no sampling tube.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] The present invention relates to tube ports and
sampling ports as well as container systems that incorporate
such ports. In general, the tube ports of the present invention
include a flexible tubular stem with a flange encircling and
radially outwardly projecting from the stem. The sampling
ports of the present invention include an elongated flexible
support tube and an elongated flexible sampling tube each
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coupled together at a mounting location on a body. A flange
encircles and radially outwardly projects from the support
tube and the sampling tube.

[0029] The inventive tube ports and sampling ports can be
used in bioreactors where it is necessary to mount probes,
delivery and remove growth media and other components,
and conduct sampling. However, the inventive tube ports
and sampling ports can also be used in fermentation systems
and other fluid processing, transport, and/or storage systems
or the like.

[0030] As a result of using a flexible, tubular stem and
flange, select embodiments of the inventive tube ports have
a variety of unique benefits over conventional rigid tube
ports. By way of example and not by limitation, the inven-
tive tube ports are relatively inexpensive to make and are
very flexible, allowing them to be used more easily with
flexible containers. For example, due to the flexibility of the
tube ports, the tube ports can be connected to flexible bags
and other structures using methods and systems that cannot
be used with rigid tube ports. The tube ports can also be
easily scaled for use in small laboratory experiments or large
scale commercial production systems.

[0031] The inventive tube ports can be formed as part of
a flexible container, such as a disposable bag or liner, or can
be coupled to such flexible containers. The tube ports and
related container can then be simultaneously sterilized and
sold as a unitary system. This approach simplifies the
sterilization process. Furthermore, the entire tube port is
designed to be soft and flexible so that the combined tube
port and container can be folded and/or rolled into a compact
shape for storage and/or transport without risk of damage to
the tube port or container. Numerous other advantages of
different embodiments of the present invention will be
discussed below or will be apparent from the following
disclosure and appended drawings.

[0032] Depicted in FIG. 1 is one embodiment of a con-
tainment system 10 incorporating features of the present
invention. Containment system 10 comprises a substantially
rigid support housing 12 in which a container system 30 is
disposed. Support housing 12 has an upper end 14, a lower
end 16, and an interior surface 18 that bounds a compart-
ment 20. Formed at lower end 16 is a floor 22 and sidewalls
23 extend up from floor 22 toward upper end 14. One or
more openings 24 can extend through floor 22 or sidewall 23
of container system 30 so as to communicate with compart-
ment 20. Upper end 14 terminates at a lip 26 that bounds an
access opening 28 to compartment 20. If desired, a cover,
not shown, can be mounted on upper end 14 so as to cover
access opening 28. It is appreciated that support housing 12
can come in a variety of different sizes, shapes, and con-
figurations. For example, in one alternative embodiment
access opening 28 can be closed by a permanent top end
wall. An access port can be formed at another location on
support housing 12 such as the sidewall or floor. The access
port can be selectively closed by a door.

[0033] As also depicted in FIG. 1, container system 30 is
at least partially disposed within compartment 20 of support
housing 12. Container system 30 comprises a container 32
having one or more tube ports 33 which will be described in
more detail below. In the embodiment depicted container 32
comprises a flexible bag-like body 36 having an interior
surface 38 that bounds a chamber 40 suitable for holding a
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fluid 41 or other type of material. More specifically, body 36
comprises a side wall 42 that, when body 36 is unfolded, has
a substantially circular or polygonal transverse cross section
that extends between a first end 44 and an opposing second
end 46. First end 44 terminates at a top end wall 48 while
second end 46 terminates at a bottom end wall 50.

[0034] Body 36 is comprised of a flexible, water imper-
meable material such as a low-density polyethylene or other
polymeric sheets having a thickness in a range between
about 0.1 mm to about 5 mm with about 0.2 mm to about 2
mm being more common. Other thicknesses can also be
used. The material can be comprised of a single ply material
or can comprise two or more layers which are either sealed
together or separated to form a double wall container. Where
the layers are sealed together, the material can comprise a
laminated or extruded material. The laminated material
comprises two or more separately formed layers that are
subsequently secured together by an adhesive.

[0035] The extruded material comprises a single integral
sheet that comprises two or more layers of different material
that are each separated by a contact layer. All of the layers
are simultaneously co-extruded. One example of an
extruded material that can be used in the present invention
is the HyQ CX3-9 film available from HyClone Laborato-
ries, Inc. out of Logan, Utah. The HyQ CX3-9 film is a
three-layer, 9 mil cast film produced in a cGMP facility. The
outer layer is a polyester elastomer coextruded with an
ultra-low density polyethylene product contact layer.
Another example of an extruded material that can be used in
the present invention is the HyQ CX5-14 cast film also
available from HyClone Laboratories, Inc. The HyQ CXS5-
14 cast film comprises a polyester elastomer outer layer, an
ultra-low density polyethylene contact layer, and an EVOH
barrier layer disposed therebetween. In still another
example, a multi-web film produced from three independent
webs of blown film can be used. The two inner webs are
each a 4 mil monolayer polyethylene film (which is referred
to by HyClone as the HyQ BM1 film) while the outer barrier
web is a 5.5 mil thick 6-layer coextrusion film (which is
referred to by HyClone as the HyQ BX6 film).

[0036] The material is approved for direct contact with
living cells and is capable of maintaining a solution sterile.
In such an embodiment, the material can also be sterilizable
such as by ionizing radiation. Examples of materials that can
be used in different situations are disclosed in U.S. Pat. No.
6,083,587 which issued on Jul. 4, 2000 and United States
Patent Publication No. US 2003-0077466 Al, published
Apr. 24, 2003 which are each hereby incorporated by
specific reference.

[0037] In one embodiment, body 36 comprises a two-
dimensional pillow style bag wherein two sheets of material
are placed in overlapping relation and the two sheets are
bounded together at their peripheries to form internal cham-
ber 40. Alternatively, a single sheet of material can be folded
over and seamed around the periphery to form internal
chamber 40. In another embodiment, body 36 can be formed
from a continuous tubular extrusion of polymeric material
that is cut to length and the ends seamed closed.

[0038] In still other embodiments, body 36 can comprise
a three-dimensional bag that not only has an annular side
wall but also a two-dimensional top end wall 48 and a
two-dimensional bottom end wall 50. Three-dimensional
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body 36 comprises a plurality of discrete panels, typically
three or more, and more commonly four or six. Each panel
is substantially identical and comprises a portion of the side
wall, top end wall, and bottom end wall of body 36.
Corresponding perimeter edges of each panel are seamed.
The seams are typically formed using methods known in the
art such as heat energies, RF energies, sonics, or other
sealing energies.

[0039] In alternative embodiments, the panels can be
formed in a variety of different patterns. Further disclosure
with regard to one method of manufacturing three-dimen-
sional bags is disclosed in United States Patent Publication
No. US 2002-0131654 A1 that was published Sep. 19, 2002
of which the drawings and Detailed Description are hereby
incorporated by reference.

[0040] Tt is appreciated that body 36 can be manufactured
to have virtually any desired size, shape, and configuration.
For example, body 36 can be formed having chamber 40
sized to 10 liters, 30 liters, 100 liters, 250 liters, 500 liters,
750 liters, 1,000 liters, 1,500 liters, 3,000 liters, 5,000 liters,
10,000 liters or other desired volumes. Although body 36
can be any shape, in one embodiment body 36 is specifically
configured to be complementary or substantially comple-
mentary to compartment 20 of support housing 12.

[0041] In any embodiment, however, it is desirable that
when body 36 is received within compartment 20, body 36
is uniformly supported by support housing 12. Having at
least generally uniform support of body 36 by support
housing 12 helps to preclude failure of body 36 by hydraulic
forces applied to body 36 when filled with fluid.

[0042] Although in the above discussed embodiment con-
tainer 32 has a flexible, bag-like configuration, in alternative
embodiments it is appreciated that container 32 can com-
prise any form of collapsible container or semi-rigid con-
tainer. Furthermore, in contrast to having a closed top end
wall 48, container 32 can comprise an open top liner.
Container 14 can also be transparent or opaque and can have
ultraviolet light inhibitors incorporated therein.

[0043] Mounted on side walls 42 and top end wall 48 are
a plurality of tube ports 33 which are in fluid communication
with chamber 40. Although four tube ports 33 are shown, it
is appreciated that one, two, three, or more tube ports 33 can
be present depending on the intended use of container 32. As
such, each tube port 33 can serve a different purpose
depending on the type of processing to be undertaken. For
example, tube ports 33 can be coupled with a tube, such as
fluid line 52, for dispensing fluid or other components into
chamber 40 or withdrawing fluid from chamber 40. In
addition, such as when container 32 is used as a bioreactor
for growing cells or microorganisms, tube ports 33 can be
used to provide various probes such as temperature probes,
pH probes, dissolved oxygen probes, and the like, access to
chamber 40.

[0044] In general, each tube port 33 comprises a tubular
stem 56 with a flange 58 encircling and radially outwardly
projecting from tubular stem 56. Turning to FIG. 2, stem 56
of tube port 33 has an interior surface 60 and an opposing
exterior surface 62 each extending between a first end 64 and
a longitudinally spaced apart second end 66. Interior surface
60 bounds a passage 68 that longitudinally extends through
stem 56. Interior surface 60 and/or exterior surface 62 can
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contain barbs or other protrusions extending therefrom or, as
in the embodiment depicted, can be substantially smooth.
One or both of interior surface 60 and exterior surface 62 can
also have a constricting taper extending along the length
thereof.

[0045] Flange 58 encircles stem 56 at first end 64 and
radially outwardly projects therefrom. In the embodiment
depicted, flange 58 has a substantially circular configuration.
In alternative embodiments, flange 58 can be any other
desired shape such as elliptical, square, or other polygonal or
irregular configurations. Flange 58 has a first side 70 and an
opposing second side 72 that each extend out to a perimeter
edge 74.

[0046] Stem 56 and flange 58 can be molded as a unitary
integral piece. Alternatively, stem 56 can be connected to
flange 58 by welding using conventional welding techniques
such as heat welding, RF energy, ultrasonic, and the like or
by using adhesives other any other conventional attaching or
fastening techniques.

[0047] Turning to FIG. 3, in one embodiment, an annular
lip seal 76 radially inwardly projects from interior surface 60
of stem 56 so as to extend into passage 68. Lip seal 76 is
comprised of a first sidewall 78 and an opposing second
sidewall 80 that extend from interior surface 60 to an interior
face 82. Although lip seal 76 can be disposed anywhere
along interior surface 60, in the depicted embodiment lip
seal 76 is disposed at first end 64 of stem 56 such that flange
58 and lip seal 76 are disposed in substantially the same
plane. Furthermore, first side 70 of flange 58 and first
sidewall 78 of lip seal 76 are disposed in substantially the
same plane. Lip seal 76 is resiliently flexible so as to form
an annular seal around a tube, probe, or other device to be
inserted through passage 68, thereby preventing fluid or
other materials from entering or escaping chamber 40 of
container 32 through passage 68.

[0048] For example, depicted in FIGS. 1 and 4 is a probe
84 having a substantially cylindrical exterior surface 86
extending between a proximal end 87 and an opposing distal
end 88. Probe 84 can comprise a dissolved oxygen probe or
any other type of probe such as a pH probe, temperature
probe, or the like. Prior to filling container 32 with a fluid,
distal end 88 of probe 84 is advanced through tubular stem
56 of tube port 33 and past lip seal 76 so that distal end 88
projects freely into chamber 40 of container 32. As probe 84
passes lip seal 76, lip seal 76 outwardly flexes so as to
resiliently bias against exterior surface 86 probe 84. As a
result, a sealed engagement is formed between lip seal 76
and exterior surface 86 probe 84. This sealed engagement
prevents any fluid or other material from entering or existing
chamber 40 through tubular stem 66. It thus prevents any
material from being caught in a dead space 89 formed
between probe 84 and the interior surface of stem 56.

[0049] The foregoing embodiment has the advantage that
probe 84 can be easily attached to container 32-by sealed
engagement and can be easily removed for subsequent
sterilization and reuse. In turn, container 32 can be disposed
of after a single use so as to minimize cleaning and steril-
ization. It is appreciated that a variety of other sealing and
connecting structures can also be used in connecting probe
84 to tube port 33 and container 32 so as to ensure that probe
84 is sterile when entering container 32. Examples of such
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connection systems are disclosed in U.S. patent application
Ser. No. 11/112,834 that was previously incorporated herein
by specific reference.

[0050] Returning to FIG. 3, when flange 58 and lip seal 76
are disposed in substantially the same plane, an annular
channel 90 can be recessed on flange 58 to aid in the
flexibility of lip seal 76. Channel 90 is bounded by a
substantially c-shaped floor 92 that is recessed into first side
70 of flange 58 so as to encircle lip seal 76 and the opening
to passage 68. That is, channel 90 has an inside diameter that
is slightly larger that the inside diameter of passage 68 at first
end 64 of stem 56. Channel 90 decreases the surrounding
support of lip seal 76 so that lip seal 76 can more easily flex
as probe 84 or other structure is passed therethrough.

[0051] Lip seal 76 is comprised of a soft, flexible material
and can be molded from the same material as stem 56 and/or
flange 58. Lip seal 76 can be separately attached to tubular
stem 56 in the same manner as previously discussed with
regard to flange 58 but is more commonly integrally formed
with stem 56 and flange 58. As such, tube port 33 is typically
molded as a unitary integral member. In an alternative
embodiment, it is appreciated that lip seal 76 can be elimi-
nated from tube port 33 where tube port 33 is not being used
to receive a probe or other structure.

[0052] In one embodiment, tube port 33 is molded from a
soft, resiliently flexible polymeric material or elastomeric
material such as polyethylene, silicone or KRATON® hav-
ing a durometer on a Shore A scale with a value of less than
90 and more preferably less than 70 but typically greater
than 5. In other embodiments, other thermoset or thermo-
plastic polymers having a durometer in the above range can
also be used. Other materials such as those previously
discussed with regard to container 32 can also be used. In
some embodiments, as a result of the material properties,
tubular stem 56 can be manually folded over so as to kink
passage 68 closed or tubular stem 56 can be manually
pinched, such as by a clamp, to close passage 68 wherein in
each case tubular stem 56 will resiliently return to the
original configuration with substantially no permanent
deformation.

[0053] In one embodiment, flange 58 has a maximum
diameter typically in a range between about 2 cm to about
30 cm with about 5 cm to about 15 cm being more common.
Stem 56 typically has a length in a range between about 2 cm
to about 30 cm with about 5 cm to about 15 cm being more
common. Likewise, stem 56 typically has a maximum inner
diameter in a range between about 0.2 cm to about 5 cm with
about 0.5 cm to about 3 cm being more common. In
alternative embodiments, it is appreciated that each of the
above dimensions can be varied. For example, if desired
stem 56 can comprise an elongated tube having a length of
one meter or longer. It is further noted that in the present
embodiment second end 66 of tubular stem 56 has a smooth,
substantially cylindrical configuration on interior surface 60
and exterior surface 62 with no flanges, barbs, or other
projections extending therefrom.

[0054] One of the benefits of tube port 33 is that it is more
easily adaptable for coupling with tubes of different diam-
eter or configuration. For example, it is envisioned that
container system 30, which comprises container 32 and tube
port 33, could be sold to an end user as a single unit. In turn,
the established system of the end user may have a variety of
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different sizes or types of hoses that would connect with
stem 56 of tube port 33 for delivering gas, liquid, or other
material thereto or for retrieving material from the container.
As a result of flexible stem 56, only a single coupler having
opposing ends with predefined sizes would be needed to
couple stem 56 to the hose. interior surface 96 and an
opposing exterior surface 98 each extending between a first
end 100 and a longitudinally spaced apart second end 102.
Interior surface 96 bounds a passage 106 that longitudinally
extends through connector 94. Ends 100 and 102 both have
annular barbs 108 radially outwardly projecting therefrom.
First end 100 is secured within passage 68 at second end 66
of tubular stem 56. Tubular stem 56 resiliently constricts
around connector 94 to form a fluid tight seal therewith. A
plastic pull tie 110 can also be secured around the portion of
second end 66 of tubular stem 56 disposed over connector 94
so as to further secure the sealed engagement therebetween.
Second end 102 of connector 94 is received within a first end
104 of a fluid line 52.

[0055] In some embodiments, fluid line 52 has the same
diameter as stem 56. In these embodiments, both ends of
connector 94 are of equal diameter to each other. If, how-
ever, fluid line 52 has a diameter different than stem 56, a
standard connector 94 can be provided with second end 102
having a different size than first end 100. Second end 102 is
configured to couple with fluid line 52, as shown in the
embodiment depicted.

[0056] In contrast, if a conventional rigid barbed stem
were formed on flange 58, it would be necessary to first
couple a tube to the barbed stem and then use connector 94
to account for the change in size of fluid line 52. As a result,
stem 56 provides for a more universal connection. Further-
more, as a result of flange 58 and stem 56 both being
comprised of a soft and flexible material, container 32 can
be folded and/or rolled up for transport and/or storage
without fear of damage to tube ports 33 and/or container 32.

[0057] Depicted in FIG. 6 is a tube port 150 according to
an alternative embodiment of the current invention wherein
like elements between tube ports 33 and 150 are identified
by like reference characters. Tube port 150 comprises a
plurality of tubular stems 56a-c projecting from second side
72 of flange 58. Each stem 56a-c has a passage 68 extending
longitudinally therethrough and being connected to flange
58 as described above with reference to tube port 33.
Although three stems 56a-c are shown, it is appreciated that
two, or four or more stems can alternatively be used with the
same flange. Each stem 56a-c can be of the same diameter
or length as the other stems or all the stems can be sized
differently from each other or some combination thereof.
One of the benefits of having multiple tubular stems on tube
port 150 is that it allows different sizes of connectors 118 to
be used when connecting with various fluid lines 52. When
a stem is not in use, a clamp 112 can be removably closed
across the stem so as to seal closed the passage extending
therethrough. It is appreciated that clamp 112 can comprise
a hose clamp or a variety of other types of clamps.

[0058] Returning to FIG. 1, mounted on side wall 42 is a
sampling port 200 which is in fluid communication with
chamber 40. Although only one sampling port 200 is shown,
it is appreciated that two or more sampling ports 200 can be
present depending on the intended use of container 32. As
such, each sampling port 200 can serve a different purpose
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depending on the type of processing to be undertaken. For
example, each sampling port 200 can be coupled with an
external container (see, e.g., FIG. 9) to deposit fluid or other
material withdrawn from chamber 40 or to retrieve fluid or
other material to insert into chamber 40. In addition, such as
when container 32 is used as a bioreactor for growing cells
or microorganisms, sampling ports 200 can simultaneously
be used to provide various probes, such as temperature
probes, and the like, access to chamber 40 without being
contaminated by the material within chamber 40. In one
embodiment, sampling port 200 comprises an elongated
flexible support tube 202 and an elongated flexible sampling
tube 204 each coupled to a body 206, with a flange 208
encircling and radially outwardly projecting from body 206.

[0059] Turning to FIG. 7, body 206 of sampling port 200
has a generally cylindrical shape with an exterior surface
210 extending between a first end face 212 and an opposing
second end face 214. Body 206 bounds a first passage 216
and a second passage 218 each extending between first end
face 212 and second end face 214. In one embodiment, first
passage 216 and second passage 218 extend in adjacent
parallel alignment with each other substantially the full
length of body 206. In alternative embodiments, exterior
surface 210 of body 206 can have a variety of alternative
transverse cross sections such as elliptical or polygonal, or
irregular.

[0060] Support tube 202 of sampling port 200 has an
interior surface 220 and an opposing exterior surface 222
each extending between a first end 224 and a longitudinally
spaced apart second end 226. Interior surface 220 bounds a
first passageway 228 that longitudinally extends through
support tube 202. First passageway 228 is open at second
end 226 and closed at first end 224. Closure of first end 224
can occur during production or post production by heat
sealing, clamping, or any other available method.

[0061] Second end 226 of support tube 202 is coupled
with first end face 212 of body 206 at a mounting location
230 so as to communicate with first passage 216 of body
206. In this manner, first passageway 228 of support tube
202 and first passage 216 of body 206 combine to form a first
continuous passage 232 having a first end 234 at sealed first
end 224 of support tube 202 and a second end 236 at open
second end face 214 of body 206.

[0062] In many embodiments, a probe or other rigid
support can be inserted into first continuous passage 232.
For example, as shown in FIG. 8, a temperature probe 238
having an exterior surface 240 has been partially inserted
into first continuous passage 232 of sampling port 200.
When fully inserted, a distal end 242 of temperature probe
238 is disposed at or near sealed first end 224 of support tube
202, which extends into chamber 40 of container 32. When
a probe or rigid support is inserted, flexible support tube 202
becomes substantially rigid as it extends into chamber 40 of
container 32 as a result of the rigidity of the inserted item.

[0063] Because support tube 202 is sealed closed at first
end 224, any probe or other support inserted into support
tube 202 does not directly contact the liquid or other material
within chamber 40 of container 32. As a result, probes or
other rigid supports can be inserted and extracted from first
continuous passage 232 without fear of any liquid or other
material leaking out of chamber 40 or becoming contami-
nated by probe 238. Furthermore, because probe 238 does
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not contact the contents of chamber 40, probe 238 can be
repeatedly used without the need for sterilization or cleaning
between uses.

[0064] Returning to FIG. 7, Similar to support tube 202,
sampling tube 204 of sampling port 200 has an interior
surface 244 and an opposing exterior surface 246 each
extending between a first end 248 and a longitudinally
spaced apart second end 250. Interior surface 244 bounds a
second passageway 252 that longitudinally extends through
sampling tube 204. Second passageway 252 is open at
second end 250 and, unlike first passageway 228, open at
first end 248, thus allowing fluid communication completely
through sampling tube 204. Second end 250 of sampling
tube 204 is coupled with first end face 212 of body 206 at
mounting location 230 so as to communicate with second
passage 218 of body 206. In this manner, second passage-
way 252 of sampling tube 204 and second passage 218 of
body 206 combine to form a second continuous passage 254
having a first end 256 at open first end 248 of sampling tube
204 and a second end 258 at open second end face 214 of
body 206, allowing fluid communication therethrough.

[0065] At least a portion of sampling tube 204 extends
along support tube 202 in adjacent parallel alignment with
first end 248 of sampling tube 204 being disposed at or
toward first end 224 of support tube 202. In the embodiment
depicted, sampling tube 204 is in adjacent parallel alignment
with support tube 202 along the entire length of sampling
tube 204. To facilitate a parallel alignment, sampling tube
204 is coupled with support tube 202 along the entire length
of sampling tube 204. In alternative embodiments, sampling
tube 204 can be coupled to support tube 202 at spaced apart
locations. As a result of this coupling, when a rigid probe or
support is inserted into support tube 202, as described
previously, sampling tube 204 also becomes substantially
rigid as it extends into chamber 40 of container 32.

[0066] In the embodiment depicted, sampling tube 204 is
of'a smaller diameter than support tube 202. It is appreciated
that in alternative embodiments, sampling tube 204 can have
a larger diameter than or have the same diameter as support
tube 202. Sampling tube 204 and support tube 202 each have
a length in a range typically between about 2 cm to about 40
cm with about 5 cm to about 25 cm being more common.
Other lengths can also be used.

[0067] Flange 208 encircles body 206 at mounting loca-
tion 230 and radially outwardly projects therefrom. In the
embodiment depicted, flange 208 has a substantially circular
configuration. In alternative embodiments, flange 208 can be
any other desired shape such as elliptical, square, or other
polygonal or irregular configurations. Flange 208 has a first
side 260 and an opposing second side 262 that each extend
out to a perimeter edge 264. Support tube 202, sampling tube
204, body 206, and flange 208 can be molded as a unitary
integral piece. Alternatively, support tube 202 and sampling
tube 204 can be connected to each other and/or to body 206
by welding using conventional welding techniques such as
heat welding, RF energy, ultrasonic, and the like or by using
adhesives other any other conventional attaching or fasten-
ing techniques.

[0068] Insomeembodiments, an elongated collection tube
266 extends outward from second end face 214 of body 206.
Collection tube 266 has an interior surface 268 and an
opposing exterior surface 270 each extending between a first
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end 272 and a longitudinally spaced apart second end 274.
Interior surface 268 bounds a third passageway 276 that
longitudinally extends through collection tube 266. Third
passageway 276 is open at first end 272 and second end 274,
thus allowing fluid communication completely through col-
lection tube 266. First end 272 of collection tube 266 is
coupled with second end face 214 of body 206 so as to
communicate with second passage 218. Thus, because sec-
ond passageway 252 and second passage 218 are in fluid
communication with each other as described previously,
second passageway 252 of sampling tube 204, second pas-
sage 218 of body 206, and third passageway 276 of collec-
tion tube 266 combine to form a third continuous passage
278 through which fluid can flow between first end 248 of
sampling tube 204 to second end 274 of collection tube 266
in either direction. And because first end 248 of sampling
tube 204 and second end 274 of collection tube 266 are both
open, fluid can flow externally of third continuous passage
278.

[0069] Turning to FIG. 9, in many embodiments, second
end 274 of collection tube 266 is attached to one or more
collection containers 280 to store fluid or other material that
has been collected from within chamber 40 of container 32.
Alternatively, collection tube 266 can be used to retrieve
fluid or other material from collection containers 280 to
insert into chamber 40. Although the embodiment depicted
displays collection tube 266 connected to a manifold 282,
which is connected to a plurality of collection containers
280, it is appreciated that collection tube 266 can be attached
directly to a single collection container 280, bypassing
manifold 282. Collection containers 280 can be any standard
containers known in the art for use in such systems but
typically comprise sterile plastic bags.

[0070] In one embodiment, sampling port 200 is molded
from a soft, resiliently flexible polymeric material or elas-
tomeric material such as polyethylene, silicone or KRA-
TON® having a durometer on a Shore A scale with a value
of'less than 90 and more preferably less than 70 but typically
greater than 5. In other embodiments, other thermoset or
thermoplastic polymers having a durometer in the above
range can also be used. Other materials such as those
previously discussed with regard to container 32 can also be
used. In some embodiments, as a result of the material
properties, support tube 202 and sampling tube 204 can be
manually folded over so as to kink the passages therein
closed or support tube 202 and sampling tube 204 can be
manually pinched, such as by a clamp, to close the passages
therein without significant permanent deformation to sup-
port tube 202 or sampling tube 204.

[0071] As described previously, in many embodiments
support tube 202, sampling tube 204, flange 208, and body
206 are all molded to be a single unitary integral piece.
However, it is appreciated that all or some of the elements
of the sampling port can alternatively be discrete compo-
nents that are connected, attached, or otherwise biased
together to form the sampling port. For example, depicted in
FIGS. 10 and 11 is an alternative embodiment of a sampling
port 300 wherein common features between sampling port
200 and sampling port 300 are identified by like reference
characters. With reference to FIG. 11, sampling port 300
comprises a tube assembly 305 and tube port 33 as previ-
ously discuss.
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[0072] Tube assembly 305 includes a substantially cylin-
drical body 301 that is substantially the same as body 206
except that body 301 is sized and shaped to snugly fit within
stem 56 of tube port 33. For example, in the embodiment
depicted, body 301 has a taper extending along the entire
length of body 301 that substantially matches a taper of
interior surface 60 of stem 56. Support tube 202 and
sampling tube 204 project from first end face 212 of body
301 while collection tube 266 projects from second end face
214 of body 301.

[0073] During assembly, support tube 202 and sampling
tube 204 are advanced through stem 56 of tube port 33. Tube
port 33 is advanced over body 301 until second end 66 butts
against an annular shoulder 307 outwardly projecting from
the second end of body 301. As depicted in FIG. 10, in this
position lip seal 76 radially biases against exterior surface
303 of body 301 at the first end thereof so as to form a sealed
engagement therebetween. To provide a more secure
engagement and seal between stem 56 and body 301, one or
more pull ties, clamps, or other tightening devices can be
used. For example, in the embodiment depicted a plastic pull
tie 302 is secured around the portion of second end 66 of
tubular stem 56 disposed over body 301 so as to further
secure the sealed engagement therebetween.

[0074] To keep one or both of passages 216 or 218 from
collapsing under the force of pull tie 302, a rigid sleeve 308
made of metal or other rigid material can be inserted into
first passage 216 prior to tightening pull tie 302. Pull tie 302
is positioned so as to be disposed over sleeve 308. Sleeve
308 is disposed within first passage 216 because first pas-
sage 216 has a larger diameter than second passage 218 and
thus can more easily collapse. Where the diameter of second
passage 218 is increased, a second rigid sleeve 308 can also
be positioned therein. It is appreciated that other types of
tightening devices can be used alternatively or in conjunc-
tion with pull tie 302. After pull tie 302 is positioned, the
assembled sampling port can be secured to container 32 by
welding flange 58 to container 32 using conventional weld-
ing techniques. The entire assembly can then be sterilized
using radiation or other types of sterilization. During use,
temperature probe 238 or other rigid device can then be
inserted into support tube 202, if desired.

[0075] Tt is appreciated that the sampling ports can come
in a variety of other alternative configurations. For example,
depicted in FIG. 12 is an alternative embodiment of a
sampling port 320 incorporating features of the present
invention. Common features between sampling port 200 and
sampling port 320 are identified by like reference characters.
For example, sampling port 320 comprises an elongated
flexible support tube 202, an elongated flexible sampling
tube 204, and a flange 208. However, in contrast to sampling
port 200, sampling port 320 does not have a body. Instead,
flange 208 simply encircles and radially outwardly projects
from support tube 202 and sampling tube 204 at a mounting
location 322. Support tube 202 and sampling tube 204 can
be coupled together at discrete locations or along their entire
length. If a collection tube is used, collection tube 266
extends outward from second end 250 of sampling tube 204
at mounting location 322 such that third passageway 276 of
collection tube 266 fluidly communicates with second pas-
sageway 252 of sampling tube 204.

[0076] Depicted in FIGS. 13A-B is another alternative
embodiment of a sampling port 330 incorporating features
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of the present invention. Like elements between sampling
port 200 and sampling port 330 are identified by like
reference characters. Instead of having discrete support and
sampling tubes as in sampling port 200, sampling port 330
has an elongated flexible member 332 having two separate
passages enclosed therein. Flexible member 332 has an
exterior surface 334 extending between a first end 336 and
an opposing second end 338. Member 332 bounds a first
passageway 340 and a second passageway 342 each extend-
ing between first end 336 and second end 338. Similar to first
passageway 228 of support tube 202 of sampling port 200,
first passageway 340 of sampling port 330 is open at second
end 338 and closed at first end 336. Similar to second
passageway 252 of sampling tube 204 of sampling port 200,
second passageway 342 of sampling port 330 is open at first
end 336 and second end 338. Although not depicted as such,
sampling port 330 may also include a body 206 similar to
sampling port 200.

[0077] 1If a collection tube is used, collection tube 266
extends outward from second end 338 of member 332 such
that third passageway 276 of collection tube 266 fluidly
communicates with second passageway 342 of member 332.
Of course, as with all embodiments having a collection tube,
the second end 274 of collection tube 266 can be connected
to one or more collection containers 280, as previously
discussed.

[0078] First passageway 340 and second passageway 342
can have a number of different configurations. For example,
in the embodiment depicted, first passageway 340 and
second passageway 342 are in adjacent parallel alignment
with each other. Alternatively, as shown in FIGS. 14A-B,
second passageway 342 can radially encircle first passage-
way 340 at first end 336 of flexible member 332, but not
necessarily encircle first passageway 340 at second end 338.
It is appreciated that many other configurations are also
possible. Regardless of the configuration, in the depicted
embodiments first passageway 340 is closed at first end 336
and second passageway 342 is open at first end 336. It is also
desirable for first passageway 340 to be able to be aligned in
a straight line so as to accommodate a rigid temperature
probe or the like.

[0079] Depicted in FIG. 15 is one embodiment of a probe
port 350 using tube port 33 and incorporating features of the
present invention. Like elements between sampling port 300
and probe port 350 are identified by like reference charac-
ters. Probe port 350 comprises a body 352 that is similar to
body 301 (FIG. 10) except that second passage 218 has been
removed. Support tube 202 connects to and projects from
body 352 so as to communicate with first passage 216. Tube
port 33 couples with body 352 in the same manner that tube
port 33 coupled with body 301. In this embodiment, a probe,
such as a temperature probe, can be inserted into support
tube 202 of probe port 350 to monitor conditions within
chamber 40 without the probe being contaminated by any
material within chamber 40. However, unlike sampling port
300, no sampling of material from within chamber 40 can be
performed using probe port 350.

[0080] It is appreciated that the various sampling ports
have many of the same advantages as previously discussed
with regard to the tube port. For the sampling ports are
inexpensive to manufacture, disposable, scalable, and can be
rolled up and folded within container 32 during manufac-
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ture, sterilization, storage and transport without risk of
damage to container 32 or the sampling port. Other advan-
tages have been discussed herein or are readily apparent
from the design.

[0081] Returning to FIGS. 1 and 5, extending through
side wall 42 of container 32 are a number of holes 54. Each
hole 54 is aligned with a corresponding opening 24 on
sidewall 23 of support housing 12. A portion of a tube port
33 or a sampling port 200 according to various embodiments
of the present invention extends through each one of the
holes 54 and openings 24. Each tube port 33 or sampling
port 200 is sealed to body 36 of container 32 so that fluid
cannot leak out through hole 54.

[0082] For each tube port 33, second surface 72 of flange
58 is sealed to sidewall 42 of container 32 so as to secure
tube port 33 to container 32 and to prevent liquid or other
material from leaking out through hole 54. Flange 58 is
typically secured to container 32 by conventional welding
techniques. Alternatively, however, adhesives or mechanical
connections can also be used.

[0083] Similar to flange 58 of each tube port 33, first side
260 of flange 208 is sealed to sidewall 42 of container 32 for
each sampling port 200 so as to secure sampling port 200 to
container 32 and to prevent liquid or other material from
leaking out through hole 54. Flange 208 is typically secured
to container 32 by conventional welding techniques. Alter-
natively, however, adhesives or mechanical connections can
also be used. If a tube port 33 is used in conjunction with a
sampling port (see, e.g., sampling port 300 of FIGS. 10 and
11), flange 58 of tube port 33 is sealed to sidewall 23 as
described previously, then body 301 and/or support and
sampling tubes 202 and 204 are inserted through passage 68
of stem 56 until exterior surface 303 of body 301 biases
against interior surface 60 of tubular stem 56, creating a
liquid tight seal. It is appreciated that flange 58 alternatively
can be sealed to sidewall 42 after body 301 has been inserted
through passage 68.

[0084] Once container system 30 is fully assembled, the
system can be sealed within a storage bag and the entire
system sterilized such as through various forms of radiation
sterilization.

[0085] During operation, container system 30 is posi-
tioned within compartment 20 of support housing 12 so that
stems 56 of tube ports 33 and bodies 206 and/or support and
sampling tubes 202 and 204 of sampling ports 200 pass
through openings 24 in support housing 12.

[0086] For each tube port 33, a tube, such as fluid line 52,
is then coupled with stem 56 using connector 118 as previ-
ously discussed, or a probe 84, such as temperature probe,
a dissolved oxygen probe, or the like, is inserted through
stem 56 into chamber 40 of container 32, so that a substan-
tially liquid tight seal is formed between an exterior surface
of connector 118 or probe 84 and stem 56.

[0087] Next, a fluid 41 is dispensed into chamber 40 of
container 32 by way of ports 33 which are coupled to input
fluid lines 52. Fluid 41 can comprise a variety of different
materials. For example, where container system 30 is being
used as a bioreactor for growing cells or microorganisms,
fluid 41 can comprise a growth media that is dependent upon
the type of cells or microorganism being cultured. The fluid
can also include a seed inoculum such as bacteria, fungi,
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algae, plant cells, animal cells, protozoans, nematodes, or
the like. The present invention can also be used for non-
biological systems. For example, the system can be used for
processing or mixing solutions where it is desired to control
or regulate the pH or partial pressure of gas within a
solution. The fluid is prevented from leaking out of chamber
40 by way of the substantially liquid tight seals formed
between connectors 118 or probes 84 and stems 56, as
discussed previously.

[0088] For each sampling port 200, a probe, such as
temperature probe 238 or other type of rigid support, is
inserted into first continuous passage 232 of sampling port
200, as discussed previously. Because support tube 202 is
sealed closed at first end 224, probes or other types of rigid
supports can be inserted and extracted using sampling port
200 while liquid or other material remains within chamber
40 while preventing any material to leak out of chamber 40.

[0089] Various parameters within chamber 40 of container
32 are measured by the probes that have been inserted into
chamber 40 using tube ports 33 and sampling ports 200.
These parameters can include temperature, pressure levels,
and the like and can be measured once, periodically, con-
tinuously, or in any other known manner.

[0090] When desired, material is removed from chamber
40 of container 32 using sampling tubes 204 of sampling
ports 200 which are coupled to collection tubes 266. When
a rigid support or probe has been inserted into support tube
202, the rigid probe or support allows sampling tube 204 to
extend relatively rigidly into chamber 40 due to the coupling
between support tube 202 and sampling tube 204, discussed
previously. This allows sampling tube 204 to retrieve the
sample from deeper within chamber 40, further away from
the interior surface 38 of container 32 than would be allowed
otherwise. This gives a more representative sample of the
material within chamber 40. Once retrieved, the material is
then deposited in one or more collection containers 280 for
further processing, as discussed previously.

[0091] As previously mentioned, the illustrative container
system 10 depicted in FIG. 1 is generally configured as a
bioreactor for growing cells or microorganism. To that end,
a sparger 34 is mounted on container 32 for delivering
controlled gases to growth media that is disposed within
container 32. Further disclosure with regard to sparger 34 is
disclosed in U.S. patent application Ser. No. 11/112,834 that
was previously incorporated herein by specific reference and
a U.S. patent application entitled Gas Spargers and Related
Container Systems in the names of Michael Goodwin, Nephi
Jones, Jeremy Larsen that was filed Mar. 20, 2006 and which
is incorporated herein by specific reference.

[0092] 1In one embodiment it is noted that sparger 34 can
be formed by securing a gas permeable sparger material to
flange 58 of tube port 33 so that by delivering a gas though
stem 56, the gas is forced to travel out through the gas
permeable sparger material. Further disclosure with regard
to the types of materials that can be used for the gas
permeable sparger material and how to attach it to flange 58
are also disclosed in the above referenced patent application
entitled Gas Spargers and Related Container.

[0093] Although not required, in one embodiment means
are also provided for mixing fluid within chamber 40. By
way of example and not by limitation, in one embodiment a

Oct. 26, 2006

drive shaft 114 projects into chamber 40 and has an impeller
116 mounted on the end thereof. External rotation of drive
shaft 114 thus facilitates rotation of impeller 116 which
mixes and/or suspends fluid within chamber 40. Sparger 34
is typically disposed directly below the means for mixing
such that the mixing or movement of the fluid produced by
the mixer helps to entrain the gas bubbles within the fluid.
One specific example of how to incorporate a rotational
mixer into a flexible container is disclosed in U.S. Patent
Publication No. US 2005/0239199 Al published Oct. 27,
2005 which is incorporated herein by specific reference.
Another example is disclosed in U.S. Provisional Patent
Application filed Mar. 20, 2006, entitled Mixing Systems
and Related Mixers in the names of Whitt F. Woods et al.
which is incorporated herein by specific reference.

[0094] In an alternative embodiment of the means for
mixing, mixing can be accomplished by vertically recipro-
cally moving a vertical mixer within chamber 40. Further
disclosure with regard to the assembly and operation of a
vertical mixer is disclosed in U.S. patent application Ser. No.
11/127,651, filed May 11, 2005 which is incorporated herein
by specific reference. In yet other embodiments, it is appre-
ciated that the mixing can be accomplished by simply
circulating fluid through chamber 40 such as by using a
peristaltic pump to move fluid in and out of chamber 40.
Other conventional mixing techniques can also be used.

[0095] Tt is appreciated that the foregoing embodiments
are simply examples of alternative methods of forming tube
ports or sampling ports of the present invention. It is
likewise appreciated that the various features of the different
embodiments can be mixed and matched to produce still
other embodiments.

[0096] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be con-
sidered in all respects only as illustrative and not restrictive.
The scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:
1. A tube port comprising:

a tubular first stem having an interior surface and an
exterior surface extending between a first end and a
longitudinally spaced apart second end, the interior
surface bounding a passage that longitudinally extends
through the first stem; and

a flange encircling and radially outwardly projecting from
the first end of the first stem, the flange and stem being
comprised of a flexible elastomeric material having a
durometer on a Shore A scale with a value of less than
90.

2. The tube port as recited in claim 1, wherein the

elastomeric material is comprised of polyethylene.

3. The tube port as recited in claim 1, wherein the
elastomeric material has a durometer on a Shore A scale with
a value of less than 70.

4. The tube port as recited in claim 1, wherein the
elastomeric material is sufficiently flexible to enable the first
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stem to be selectively clamped closed at a location along the
length thereof with substantially no permanent deformation
to the first stem.

5. The tube port as recited in claim 1, wherein at least one
of the exterior surface or the interior surface of the first stem
has a constricting taper extending along the length thereof.

6. The tube port as recited in claim 1, wherein the exterior
surface of the first stem at the second end thereof has a
smooth substantially cylindrical configuration that is free of
any radially outwardly projecting member.

7. The tube port as recited in claim 1, wherein the interior
surface of the first stem at the second end thereof has a
smooth substantially cylindrical configuration that is free of
any radially inwardly projecting member.

8. The tube port as recited in claim 1, further comprising
a tubular second stem projecting from the flange from a
same side of the flange as the first stem.

9. The tube port as recited in claim 8, wherein the second
stem has a different configuration than the first stem.

10. The tube port as recited in claim 1, further comprising
an annular lip seal radially inwardly projecting from the
interior surface of the first stem at the first end thereof.

11. The tube port as recited in claim 10, further compris-
ing an annular channel recessed on the flange so as to
encircle an opening of the passage extending through the
first stem.

12. The tube port as recited in claim 10, further compris-
ing a probe disposed within the passage of the first stem, the
annular lip seal resiliently biasing against the probe so as to
form a liquid tight seal therebetween.

13. The tube port as recited in claim 1, further comprising
a clamp mounted on the first stem so as to selectively crimp
the passage of the first stem closed.

14. A container system comprising:

a container having an interior surface bounding a cham-
ber, the chamber being adapted to hold a fluid;

the tube port as recited in claim 1 coupled with the
container so that the passage extending through the first
stem communicates with the chamber of the container;
and

a tubular connector having an interior surface and an
exterior surface extending between a first end and a
longitudinally spaced apart second end, the interior
surface of the tubular connector bounding an opening
extending through the tubular connector, the first end of
the tubular connector being received within the second
end of the first stem of the tube port such that the first
stem resiliently biases against the exterior surface of
the tubular connector.

15. The container system as recited in claim 14, further
comprising an elongated tube coupled with the second end
of the tubular connector.

16. The container system as recited in claim 14, wherein
the container comprises a bag that is comprised of one or
more sheets of flexible polymeric material, the flange of the
tube port being coupled with the bag.

17. A tube port comprising:

a tubular first stem having an interior surface and an
exterior surface extending between a first end and a
longitudinally spaced apart second end, the interior
surface bounding a passage that longitudinally extends
through the first stem;
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an annular lip seal radially inwardly projecting from the
interior surface of the first stem; and

a flange encircling and radially outwardly projecting from

the first end of the first stem.

18. The tube port as recited in claim 17, wherein the lip
seal is disposed at the first end of the first stem so that the
flange and the lip seal are disposed in substantially the same
plane.

19. The tube port as recited in claim 17, wherein a first
side of the flange and a first side of the lip seal are disposed
in substantially the same plane.

20. The tube port as recited in claim 17, further compris-
ing an annular channel recessed on the flange so as to
encircle an opening of the passage extending through the
first stem.

21. The tube port as recited in claim 17, wherein the
flange, the first stem, and the lip seal are integrally formed
as a unitary member comprised of a flexible elastomeric
material.

22. The tube port as recited in claim 21, wherein the
elastomeric material has a durometer on a Shore A scale with
a value of less than 90.

23. The tube port as recited in claim 21, wherein the
elastomeric material is comprised of polyethylene.

24. The tube port as recited in claim 21, wherein the
elastomeric material is sufficiently flexible to enable the first
stem to be selectively clamped closed at a location along the
length thereof with substantially no permanent deformation
to the first stem.

25. The tube port as recited in claim 17, wherein the first
stem has a maximum length in a range between about 5 cm
to about 15 cm.

26. The tube port as recited in claim 17, wherein at least
one of the exterior surface or the interior surface of the first
stem has a constricting taper extending along the length
thereof.

27. The tube port as recited in claim 17, wherein the
exterior surface of the first stem at the second end thereof
has a substantially smooth cylindrical configuration that is
free of any radially outwardly projecting member.

28. The tube port as recited in claim 17, further compris-
ing a tubular second stem projecting from the flange from a
same side of the flange as the first stem.

29. A container system comprising:

a container having an interior surface bounding a cham-
ber, the chamber being adapted to hold a fluid;

the tube port as recited in claim 12 coupled with the
container so that the passage extending through the first
stem communicates with the chamber of the container;
and

a probe slidably disposed within the passage of the tube
port so that a substantially liquid tight seal is formed
between an exterior surface of the probe and the lip
seal.

30. The container system as recited in claim 29, wherein
the probe comprises one of a temperature probe, a dissolved
oxygen probe, or a pH probe.

31. The container system as recited in claim 29, wherein
the container comprises a bag that is comprised of one or
more sheets of flexible polymeric material.
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